work, a recent modeling study predicts that in the Pliocene warm period tropical and sub-tropical, SSTs were warmer than modern SSTs due to differences in the cryosphere and cloud feedbacks (Haywood and Valdes, 2004) . This new and different modeling result is independently supported by observations based on alkenone-derived SSTs (Haywood et al., in review) and suggests that the Pliocene warm period could actually be related to higher-than-modern pCO 2 concentrations (Crowley, 1991; Crowley, 1996) . More importantly, the model sugAna Christina Ravelo (acr@es.ucsc.edu Warm early Pliocene. The Pliocene warm period was the most recent period of sustained global warmth relative to today with ~3°C higher global surface temperature (Sloan et al., 1996; Dowsett et al., 1996; Haywood et al., 2000) .
Northern Hemisphere ice sheets were small (Jansen and Sjøholm, 1991) , and atmospheric carbon dioxide concentration (pCO 2 ) was probably slightly higher (Van der Burgh et al., 1993; Raymo et al., 1996) In particular, a unique opportunity exists to study climate change over the last 5 million years using ODP cores. Earth's climate regime was dramatically differ- O record of high-latitude climate (primarily ice volume) from ODP Site 677 (Shackleton et al., 1990) and ODP Site 1085 (Andreasen, 2001) . Th e end of the Pliocene warm period and the onset of Northern Hemisphere glaciation occurred at ~3.0 Ma. feedbacks (e.g., Saltzman and Verbitsky, 1993; Berger and Wefer, 1996; Crowley, 1996; Raymo, 1998) (Cane and Evans, 2000; Philander and Fedorov, 2003) . Even small changes in tropical SST patterns can profoundly affect extratropical climate on geological time scales (Yin and Battisti, 2001 ).
Although it has been proposed that low- where it is ventilated at mid-latitudes (Gu and Philander, 1997; Harper, 2000) by the amount of exchange with the Indian Ocean through Indonesian passages (Rodgers et al., 2000; Cane and Molnar, 2001) , and by whole-ocean stratifi cation (Philander and Fedorov, 2003 90˚E  120˚E  150˚E  180˚150˚W  120˚W  90˚W  60˚W  30˚W  0   18˚C  19˚C  20˚C  21˚C  22˚C  23˚C  24˚C  25˚C  26˚C  27˚C  28˚C  29˚C  30˚C  31˚C  32˚C  33˚C  34˚C Sea Surface Temperature Figure 2 . Sea surface temperature (SST) map of the world's tropical oceans (Reynolds and Smith, 1994) . Change in the strong SST gradient across the equatorial Pacifi c is monitored using ODP Sites 806, 847, and 851. Changes in the strong eastern Pacifi c to Caribbean and Caribbean to western Atlantic salinity gradients (not shown) are monitored using ODP Sites 851 and 999, and ODP Sites 999 and 925, respectively. Changes in the weak SST gradient from the western Pacifi c to the eastern Indian Ocean are monitored using ODP Sites 806 and 758. Because changes in the whole-ocean However, the idea that the increase in (Billups et al., 1998 ) (aqua) and ODP Site 999 in the Caribbean Sea (Haug et al., 2001 ) (orange). Only the smoothed (using weighted squared error method) record through the higher (~4 kyr) resolution data is shown. Note crossover of records between 4.5 and 4.0 Ma, indicating a reversal of the salinity gradient between the two sites. to a gradual shoaling of the global thermocline. Philander and Fedorov (2003) argue that as global climate cooled through the Pliocene, whole-ocean stratifi cation increased and the thermo- (Chen et al., 1995) (green) and ODP Site 806 in the western equatorial Pacifi c Ocean (Berger et al., 1993; Jansen et al., 1993 ) (red), from both sides of the Indonesian seaways. Only the smoothed (using weighted squared error method) record through the higher (~4 kyr) resolution data is shown. Note convergence of records by ~1.5 Ma, indicating the establishment of the modern (lack of) gradient between the two sites. Figure 6 .: Planktonic (G. sacculifer without sac-like fi nal chamber) foraminifera δ 18 O record from ODP Sites 847 (Wara, 2003) (green) and 851 (Cannariato and Ravelo, 1997) in the eastern equatorial Pacifi c Ocean (blue), and ODP Site 806 in the western equatorial Pacifi c Ocean (Berger et al., 1993; Jansen et al., 1993 ) (red), from both sides of the equatorial Pacifi c Ocean. Only the smoothed (using weighted squared error method) record through the higher (~4 kyr for 851 and 806, and ~15 kyr for 847) resolution data is shown. Note divergence of records by ~1.5 Ma, indicating the establishment of the modern gradient and strong Walker circulation. O values for three diff erent time intervals at the eastern Indian (758), western Pacifi c (806), and eastern Pacifi c (847) sites. Th e gradients in the late Pleistocene (black lines) refl ect "modern-like" gradients. In the Pliocene warm period (~2.9 to 3.6 Ma) (pink lines), the gradients indicate that the Pacifi c Walker circulation was greatly reduced. During the transition (~1.9 to 2.9 Ma) (green line) after the onset of Northern Hemisphere glaciation, the tropical gradients were not signifi cantly diff erent than they were in the warm period. Th is implies that Northern Hemisphere glaciation had little infl uence on tropical conditions. Note that the constant off set between the warm period (~2.9 to 3.6 Ma) and the transition period (~2.0 to 2.9 Ma) refl ects higher global ice volume in the later period. Foundation.
